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Chapter XII
scape r gl\"m\’l?
Bore Systems with Emimeier of Gases duping Gomﬁve%&oﬁ'of Powder
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Depending on the design and construct+ion of the system
gases can flow @ither from a chamber of constant volume with a
nozzle or from the bore of the gun; gases. can flow through small
or large \!eh‘t's of varying J"QC- (one or several round vents,

Perpencicu/ar
paraldelr t& or at angles to the axis of the system, narrow circu-

lar aperture).
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Depending on the shape, .. vents will vary in size and in the
gas flow coefficient characterizing the compression of the flow.

e S Rl

We list the following as examples:
1) the flow proceeds from a chamber of constant volume with
- a nozzle in a gas ‘cperatea gun;

2) the flow proceeds from a chamber of a recoilless gun in
the direction opposite to the motion of the projectile concurrent
. .With an increase in the volume of the bore resulting from the move-
Iy ‘ment of the projectile along the bore of the barrel;

3) the flow proceeds from the bore of a barrel of mortar
through a narrow circular space between the mine and the smoo*h
bore of the barrel in direction of the motion of the mine; in this 3
case some of the gas overtakes the mine and bursts forward.

R

i

The firing in the second case appears the most complex. 1In
X all cases at high pressures the lmw of the burning rate is ex-
pressed by the relation »x =4, pP.

12.1. Concept on the Characteristics of Interior Ballistics of
Gas operated - Guns

A1l equations deorived in Chapter III for the combustion of
powder in a bomb with a vent '~ ~ at high pressures are also applic-
able tc separated combusﬁhﬁn chambers in gas'o',,em-te'd. guns. The
foundations of theories for thebe guns and the order of their
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construction was developed by V.M. Trofimov in 1923-1925,

The diagram for such a gun is presented in Fig. 12.1.
Powder gases in a separate combustion chamber flow through a
nozzle into the bore of the barrel; the prjectieis some distance
lo bore from the anterior section of the nozzle (a type of fore-
chamber)., The highest pressure in the combustion chamber reaches
20002500 kg/cme; the presence of the nozzle between the chamber
and the bottom of the prjectie enables the segulation of the gradual
Tlow of gas into the barrel bore and the obtention of a low and
almost constant pressure. This in turn permits the use of préjectile
with thinner walls, an increase in the charge coefficient for Z4e
explosive, and 8 significant decrease in the thickness . the
bore walls, which also decreases the weight of the barre .
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(o pqprgm——— 202
Fig. 12.1 Diagram for Gas Dynamic Gun

Powder combustion and the laws of pressure change of powder gases
will be essentially identical under the same charge conditions (Wo,
E,. %@ A,I,) in-a bomb with a nozzle, descflybed in Chapter III,
and in a chamber of a gas operated gun, However, in experiments
with a bomb with a nozzle,gases flow through the nozzle into a

space with a constant atmospheric pressure; during comoustion of
the charge in a chamber of a gas ‘operateq gun,the mases flow through
the nozzle into a closed space which gradually increases with the
motion of the projectile. In this post-projectile space gas pres-
sure is close to constant. This pressure appesrs as counterprese
sure with respect to the prescure within the chamber. Usually,
during combustion of the powder charge the pressure within the
barrel bore is several times less than in the chamber, so that it
will not affect powder combustion and the supercritical nature of

2
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gas flow. After combustion of the charge the pressure within the
combustion chamber only falls, but there can be a moment when it
is equal to the pressure within the bore. Prior to this moment,
the flow regime is already subcritical and the flow pattern de-
pends on the counterpressure,

As a basis for the problem of interior ballistics for gas~
operated gun, V.M. Trofimov proposed the following assumptions:

1, Processes occuring within the barrel bore do not affect

powder wrain3 within the chamber and gas flow in the nozzle
(Pbore << Fcham)'
urning ] 6«_1‘0:‘»’
2. of powder fo}loys the geometric law of
3. Powder has a constant . ° surface.

4. The law of the burning rate is given by the formula Uu=wu,p.

5. The pressure within the chamber is highest at the end of
combustion pmax'pf

6. For the first period after firing, the process in the
chamber is isothermal and the flow through the nozzle
adiebatic. However, the gas temperature within the chamber

Tcham is less than the combustion temperature Tl'

Subsequent research indicated that Tcham @ /Tl= cham a

was close to 0.90.

7. The pressure at the bottom of the projeéctile results from
e
shock waves formed in the gas flow during its esane from the
nozzle and propagated in the bore with the speed of sound in sfahmary

atitP gas.,
Later (in 1950) the following were assumed:

1l.The composition of the combustion products is constant~

cp and c, are average and constant during powder burnio

2. Heat emission is evidently not considered; however, this
can be accomplished by conventional procedure by decreasing the

3
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“force of the powder f or increasing the index Guk-1.

5. Gas in the chamber is motionless; consequently, the
pressure p, gas temperature T, the specific volume w and the
gas density/o are identical in a given moment in the entire
chamber.

Hance, the general relation follows:
P (W -‘) =?7:1mm
4, The gas motion within the nozzle is steady and one di-

mensional, s¢ that for each cross section at a distance x from
the entrancecflyss section, this equality is correct:

A
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The assumptions presented above for deriving theoretical
functions and the functionsghemselves adequately reflect the
rning . .
processes occuring during powder “ in a chamber with a

rozzle.

e T TR e SR TR S 1R

Thégressure within the chamber reaches a maximum at the end

urning

b «
of not only for powder with a constant bugarng. Sure

face but also for slightly regressive powder (ribbon); for powder

with seven perforations Ppax 1S reached at the moment of disintegra-

tion 9, when & has the highest value~1.37,

Gas temperature in the chamber during the initiatior of bur-

ning decreas-es to T oham av=0+92 T, and thereafter remains fairly

constant to the end of powder burning or the disintegration.

The theoretical relations used are aprlicable to gas-operated
guns when the pressure within the bore Phore is less than the

critical pressure Per with respect to the pressure within the
chamber.

During firing from a gas-operated gun the division into
periods is somewhat different than for conventional guns.
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l. The period before the cutting of tbelbaﬁi in
the groove (typical). Jasts

2. The second period ‘up to the end of powder burning and
the emlssion of gases into the barrel bore; gas pressure in the
chamber significantly exceeds gas pressure in the bore which
increases gradually. e xtends

3. The first phase of the second pericd/ from the end of §
powder burning to the moment of pressure equalization in the
chamber agglln the bore; at this time, the pressure at the bottom {
of thgw'“‘ep,. is greater than the average pressure in the
bore under therimpact of the gas on thgwqﬂbf bottom (the
reverse of that which is observed with conventlfgﬁl guns).

4, The second phase of the second periodﬂ perlod of adia-
batic expansion of gases to the ejection of the ?""Afrom the
barrel bore.

5, Period of the aftereffect of the gas (in the conventional

sense).

) . R T B [ENpER S
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Some Relatione for Ballistic Elements

; The force actlng 1n the bore of the gas-operated gun on
- the bottom of tneT“' has the rate v (according to V.M. Frofimov).

= sp,.,. s (Xa =), (1. 1)

where [/, =rate of gase flowing from the nozzle;
a, =speed of sound of the escaping gas
=mass density of the gases in the bore:

Pb.rc
. w7

g, = __
dore 9-‘(105.,, W )

w7) =weight of gas escaping from the chamber into the bore.

It follows that

M=y 20 Ya—0) FedeeiPr (12.2)
g€ " Uoppeet D) Baa,s mex —Ps |
where
=y LebEs_ oy L
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After some conversions V.M. Trofimov giwes the final
expression for the force 7/ :

Do —* ‘io(t), (12.3)
loe,-i" €
vwhere 4)/{);;)‘ 'Pcfnm.:"ra (1+‘P,.1..... for the period of powder
P 7 Ve

chem may = Py
burning;qﬁ{;):&-(i-,k)_ Pedom ‘-)(/+2c6.~.>after powder burning.
e

7 3

CAbm mva 7’")““"‘[(
The equation for the motion of the is:
Y2 dv. =T
3 at
i The formula for the pressure of gasses within the bore is:
St Pakai—Ps (12.4)

H,“‘m__— S(l%"“*' L) p“-mmjx“'pj '
The distribution of gases along the barrel bore is given
| by the equation:

S3r-ggeeo-g]) o

The: pressure p is greater than Pav in the bore.

pe
@ Fu B v D) Peham s Poore >V
! ! "3 Prebrainm
: ;‘,m@ 2) Prax cham
i ‘ WV
EP'E'" L@ 5 Pone
: ¢ ‘ ¢) &rain Aisin r‘gr»o‘r'm
: : ‘73 Phase T
: Pm@ E f\ Phase I
5 e n
i @osv J-_ 7 @asa ‘IL_A

Fig. 12.2. Curves p, 1 and v, 1 in the bore of a gas-
operated gun.

Fig. 12.2 illustrates the curves of the pressure within the

6
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chamber p s the pressure within the bore p y, and the
cham ?ro“eo‘“e bore ?roi'eu/v'&
velocity of the v as a function of the trajectory of the -

The graph shows that the pressure within the barrel bore increacses
slowly and after reaching maximum pressure also decreases very
slowly; the curve Ppore* 1l is simi%gfﬁxgogpe curve for constqﬂy/
pressure; therefore, the curve for veolocity v, 1
resembles a straight line for a substantial section of the tra~
jectory (under the effect of almost constant pressure the inc-
rease in velocity is also constant). The curve of the chamber
pressure at corresponding moments varies withing much greater
limits,

12.2. Characteristics of Interiror Ballistics for a Recoilless
Gun (RG)

The lack of recoil or total balance of the barrel gun is
achieved by the action of the force of the reaction of a fraction
of the poder gases escaping from the chamber through the nozzle
at the bottom of the Sleeve or breech in a direction opposite to ‘.
the motion of thérw“wub This also relhﬁves the load on the gun
carriage which exists during recoil with the gun carriage becoming
only a directional mount supporting the barrel. This pronounced-
ly derreases the weighf of the system as a whole and significantly
increases the metal use coefficient 2, = 50/45 = ™ V:/-?d",

4o 130—7/50 in place of the conventional 70-13%0.

However, this is attained primarily because of the signi-
ficant increase in the weight of the charge and the volume of the
chamber fc¢r a given initial velocity of the7”9m V4 and at the
highest pressure of the propellant gases Ppax. Actually, in addi-
tion to the amount of gases necessary to obtain the given ballistics
in the given barrel (active part of the charge), a certain weight !
of charge is required to form gases which é:}e propelled in the E
reverse direction through the nozzle and create the force of the

reaction to balance the barrel (passive part of the charge).

r-31 P ETTATITNE ST T BT S
.
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As a rule, for the given .and p __, the wildght of the
charge and the volume of the chamber of the recoilless ’

are 2 to 3 times greater than the weight of the charge and the

“ns
volume of the“chamber in conventional 2 : uonsequently,
” M@
recoilless . are used to obtain relatlvely low prese velo~-

cities (vb=350—500 m/sec).

Because of the increase in the total charge weight, the
output C&?ffl(!lent for the charge 7, = ¢, /“J "’"o/"“’ in recoil-
less ? is s1gn1fiqﬂgbly less than for conventional 2 “n

Y, =20-50 t.m/kg rather than 120-146.

In order that the process during the escape of gas through
relatively large cross sections of the nozzle (Fcr s = 0.6)

should proceed relatively intensely, the surface area of the charge

should be very large with the powder rve relatively thin,

gince it is known that Si/Ai=xéi

‘"herefore, the end of burning occurs early and the curve

K
p, 1 is 2;;35; 7, =0.15-0.45 rather-than 0.40~0.70 as for con-

ng
ventional 2 Recoilless 247 have an essential tactical

flaw: during firing they are decamouflaged by the gases
escaping from the nozzle at an angle to the ground which 1lift
up large puffs of dust and thereby disclose the location of

A,
the L These gases create the impact wave which increases
(X2 .5

and the o team should be

the pressure around the
(77 =
2 or at a sufficiently large dis-

either to the side rcf the
tance from it.

Because of thelr relatively light weight, the recoilless

un
s are also used‘dlrect igpport for the infantry. These

7 were widely used by thelékmy in the Korean
War. According to reports, the U.S.A. and England have 120 mm

recoillessl antitank weapon.
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Types of Recoilless '
~ended barrels
Weapons with open), cylindrical (Fig. 12.3).

This type of recoilless 3un on a light weight tripod with

70 mm caliber was developed and tested in 1916 by the engineer

D. Ryabushinskii. In this case the weight of the barrel was

7 kg and the weight of Ehe projectile % kg, weight of gunpowder
was 0.3000~0,4000 kg; Vﬂ=60 m/sec; a distance of 320 m was abhieved
during firing.

Wi -

Fig. 12.%. Diagram for an open-ended barrel
1) barrel; 2) base platc 3) charge; 5) stabilizler.

el

The German Army in World War II used this type of weapon
with supercaliber charge known as the antitank weapon Faust-patrone;
later the U.S.A us 4 the "bazeoka". Many countries use this

d \
can. for their grenade throwers with hollow-charge shells.

T I T2 72272l L

o Fig. 12.4., Diagram for a central nozzle and émse,ﬂai(
| 1) nozzle; 2) base plate 3) sleeve 4) ignition

. guns . . . ve vents

Recoilless with axial withdrawal of gases ha

at the bottom of the ba;rel sleeve and single-flow widening nozzle
(Fig. 12.4). ‘ ignitgy side through a special channel.
To increase the initial pressure to ensure uniform burning of the
charge, the nozzle at the bottom of the barrel sleeve is closed
by « base plade (wooden or plastic) which is ejected at a

pressure close to the pressure for boosting the projectile po-

7




d - ) The drawback of this tpe of design is that certain amounts

?' of still unburned grains/ﬁg/the powder charge are drawn in
through the |opening[iarge Jof the nozzie by the gases; this causes
variatiops in the firigg.

Y 2 J
A\
i RTESHRrAs VL -
P AALELLLILRNRRNNRNRRR Y

"9 . ——

Fig. 12.5. Diagram for a pertoratea parrel sleeve
1) nozzle; 2) bolt; 3) perforations; 4) chamber.

uns
have Recoilless ? . with\: perforated barrel sleeve (Fig. 12.5)
‘" -lateral surfaces R - -

i ) - —
many small v?’: to hinder the ejection of#powder.

into
After esc ping initially the|side chamber\{&xterior
the gases subsequently flow through several nozzles at the
bottom of the chamber. Ignition is of a conventional type. 5

u 3
5_" was used by the U.S. Army in the -

This type of recoilless
Korean (War.

o Conditions for Balancing the System

- un

0 Agsume the recoilless 2""  is secured to the pins of the
E mount; the force of the reaction in the supports of the pins is
" designated as P (for each support P/2).(Fig. 12.6).

SYCUREER N

a5P

[ . j
f} aQ Vil A AV A A T A B S A A0 S A A Gy i i & | fﬁ
L : ——1 - N
'f pa' IIIIIIPF m ]

p’/ oa bk L L X 2 L Ll L il ds Londomdnded dendimdondond

3 a5P

f ’ Fig. 12.6. Diagram of the forces acting on a recoilless g
'i g4» ‘

Let's consider the moment when the projectile with the me&ss
m has “Me velocity v; gases fyﬂying under pressure into the

/o
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chamber p throi@h the critical cross section of the nozzle

Fcr expand and passing through the external section of

the nozzle F , they have the pressure Pg? which is usually signi-
flcantly greater than atmospheric pressure (pa of the order 5-7

kg/cm ); the veloeity of gas flow in the outgoing cross section
is Ua‘

momentum
Let's use the theorem of mqﬁgénlchs the S of 8 par-

ticle of the system under the action of internal forces is equal

o
to the sum of tnome of external forcas.

1. The momentum under the effect of internal forces:

projectile, +m dv; gasés flowing through the nozzle -—-___;:i. At U .
momentum
2. External forces: of the reaction of the support
+Pdt;
Mvmemﬂ"')

of the force of gas pressure in
the external cross section of the nozzle

iaa/’;'f-,LF-t1é We obtain
7".'0(.)/-- Osee ,[{1“':P/—a*Pd{ (/2)

But é’;—‘—‘-— U +Fp. = R is the forcg of the reaction of gases on
the barrel; K=17 £_ P)

Fa
where § = l‘/di.) %N d)} this is presented in the table in
chapter II (cf. page lO )

To calculate the loss, the facdor is inf@y/duced l(l:
X=AY)
where qsgoﬁf;is the coefficent of gas expansion;
Y~ 0.9 is the velocity coefficient;
Zxo0.Es.

Then 157
r=25 R p )
From the equation for the motion of the projectile ‘f”"‘t =5p
we have mdv= S_ pold. : [/2”*)
7

//
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By substituting the expression (12.7) and (12.8) into (12.6)

and cancelling for dt, we obtain » [,2,>
S p:25R-PET '
For a balanced P should °~ equel zero. Then, the
conditions for equilibrium are written as fdllows (after cancelling
P £ = Sy Ao

from which we find the ratio f'-_.:"—) which is the critical cross

section of the nozzle divided by the cross section of the bore of

“un
the 2 to obtain a recoilless - bareelt
Fer . L ( 12.40)
s rz 5 Fa
Since L =/6-17 depends on the ratio =~ ; then Fer
depends on /a y ¢ and ¥ (loss factor). “ 3
£ r
unst
In calculating the coefficient & for recoilless ? using

the formula ¢f=lf,+-_!,- _"_‘_;T'.'_ one must account for -nly that fraction

of the weight of the gas powder mixture which results in the
motion of the projectile. To calculate this, one must first de-
termine the fraction of gases and charge which escape through
the nozzle in the opposite direction.

At the end of the first period, i.e., at the end of the burning
of the powder, this fraction is calculated by the existing formula:

__ wafaeKol«
Tk T»Vf:—;'
where 7, is determined using the formula of P.N. Shkvornikov:
T.V > _,4_—————_ )
d + &9, s
where 2, with the variable can be 0.9; p,z05=0ilis typical for
umns.
recoilless 2
burm*n,, .
After - . of the powder thf escape of gases continues.
' un
Since the pressure in recoilless e in the second period
decreases rapidly and thgxeg}gcity of the projectile \issvb'

only slightly grester than vp, then in the first approximation
at the moment of ejection of the projectile the fraction of gases

flowing through the nozzle from the chamber will be "7o = ’)& v 5
Ve
/2
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with v, /V‘ =LOS =L 7 x b2

In this case a fraction of the charge 1l- %p Will follow
the projectile and we?’obtain the expression for the coefficient

¥ =9 +'.’§'%£/"770‘,)'

with special effortf;f.more detailed calculation of secondary
work with recoilless ? can be obtained.

I———
ot oo TR T R IR
R T RS RS ;

N TR

In this regard an expression in snaelogy with the expression
for conventional weapons can be written ss a ratio for A, and 15,

1 w
=p 1oL | — I
Pam p..[ +5 (1 —m)

SR
T g n

AT A T AR

9 :
l w )
=pu|l +— (1 =1n)],
¢ ¥ p?[_+3 vw( ﬂﬂ !
G, dt ]
{lou

where "= _-=—"T7 is the relative gas loss qﬂpﬁugh the %
nozzle. !
A
|
Therefore, thelstatg JSrecoilless Jproduces the relation :
f_‘.‘_"—.:__i_'——- !

; s *Z5

0. 45 20485, 4-7,3637
Assuming, for instance, Lg. = .30, L2065, 22 * 7 / 7
we obtain ¢ =02 4__4_ . 6,30-6.35 = hosS,

Then the atio of the area of the critical cross section of

the nozzle Fcr to the cross section of the bore\isls 7
F;.»-_ 4 "-L-

= = L= _ = A.¢ré = O0.64 .
S Jeoss 085 Lheg YACKZ) ?
Characteristics of the Interior Billistics of Recoilless

Gouns

Basic features of firing taking into account characteristics
of ballistics of recoilleéi' LS . The features of firing from
recoilless Jumsart

more complex than the features of firing from

due to thef?”““ + described atove.

/3
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Approximately 2/3 of the weight of the charge escapes in
the form of gas through the nozzle; together with the proseilat
gases a . Traction of the grain powder is also ejected
throuép the nozzle; these are usualdy small-grained (with seven

?gn{'cﬂ add on
or short grainf Y}Eh one’ ) and are eaw-ily wvarxried
Lol n
off with the escaping pelt gases. With ?. felat:\.vely large
.pc n
nozzle diameter the temperature of the™ _ gasfes in the chamber

and in the bore falls signficantly. In thfs case, a fraction of
the gases moving the projectile and the fraction of gases esca-
ping with some of the powder through the nozzle, strictly speaking,
act under differing condltions, undoubtedly, there is a zone of
relative stillness of ‘ges layers, on the onﬁe side of which
the gases move in the direction of the projectile, and on the
other side of which7the flow is oriented in the direction of the

nozzle.

Due to the complexity of the features discussed in solving
the problems of interior ballistics, processes discussed
, _ the
are outlined and simplified by introducing into the solution of

basic problem the following assumptions.
e ”On é
1. The process of the flow of gases through the nozzle

is assumed as staticnary and in this case all formulas of steady-
state motion are used with the intquQﬁtion of experimental corre-
lation coefficients.

4

there is no Pl
2. It is assumed that the ehection of unburned

powder grains through the nozzle, although this does take place.

Therefore, in fact, the consideratioﬂgf the movement of gas
powder mixtup;g'}F"EFplaced by the consideration of the move-
ment of only : gases of the same weight.

3. In case of a large opening for the nozzle, a significant
drop in gas temperature ir taken into account:

'+
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In addition, all previous assumptions for conventional
remain in force (geometric law of powder burning andtts
derived relations q:-f(z)and €=1,(2) y law of the rate of burning «s=4,p)

¢
‘)=-c—:-—1=°°“5t and others are assumed).

[quns

The system of equations for processes occuring during firing
in recoilless guns is presented below.

The Compilation of an Egsential System of equations

%
Equation!ﬁ‘or '‘as formation and the inflow of gases arc

44 _ s

dt 1 P

Y==x2 -+ x2?,

=.—=1+mz=-l/1+4-*— ¢.

*
Equation for gas loss thrqggh the nozzle
_ PleeXo A pdt

wVF Ve
whereg, is the loss factor “or the correlation of calculated and :
experimental values of : ¢y =m0, |

In the first periocd the temperature falls slowly and
=7%,,*consl can be assumed. Then

¢
e ?fc_r’ﬁ det'
i

oV faw

where Lo j
)Spdt=l,( (z—2y).

The nozzle is usually closed with a base plate which is calculated
in such a way that it is ejected at the beginning of the motion of
the projectile at pressure Pg’ in the closed chamber the pressure
Po corresponds to the values y, and 2,. The nozzle is opened and
the flow of gsses begins at P=Pgs = Yy, and zsx,

Then 'l=%%-f%‘(z—zo)=n.x,

/5
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- Equation for the state of gases during the presence of flow.
Granting that the free space of the qthber during gas escape
(as in mortar) is expiéssed by the relation
Wy, = Wy— —:—(1 —4)—aw (h—1),

the equation for the state of gausses is written as follows:
p(w/%_;'_s[)=RTu) (h—m)

or ps (by, +-0) = fro (=1
L
where =T

Essential Equation for Interior Ballistics. UEnergy Equstion.

First we establish the energy equilibrium during firing.

At a given moment t, the amount of charge ¥ was burned, and
the smount of energy liberated (energy inflow) is expressed by

the relustion ‘.Eprr--’iﬂI‘—mp:—’%‘l'y.

This energy is expended:
' 4 2
a) for providing the projectile with the critical energy ”? ;

b) to alter the internal energy of the mass of gas in the
barrel bore at the given moment whicé&&s the temperature T<:T1;

BLop—m=2 24—
Tkis value can be replaced by the expression from the equation of

state s L+
8
¢, to provide information on the movement of gases escaping
through the nozzle at a given moment; in this case one should con-
sider that the encrgy expended for the transfer and pushing of
gases will be greater than the internal energy of the motionless

gases if they were to remain in the barrel.

The energy expended for pushing the gases is expressed by

/é

. )
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the equati
q on Le,Ton=FkEc,Ton,

or -fg-'-(1+e)=“ .x=—f;3- D'x,
where - D=(1 —}-6)-1).‘1:".

In c
ferrin§ﬁ9 n the lastZQrm on the rightside, we obtain the equation
for energy transformation

;?pparing the inflow and expenditure of energy and trans-

-f“'q):Ps(lh'*.'l)-}-me'x-{; aw;ua '

This can be rewritten in the general form
ps (ly, +1) = fo (p— D' %) — -g- omtt, (12.11)

The value I'x represents the fraction of energy used to
eject gases through the nozzle.

5. Equation for the motion of the projectile is
psdl=emuvdv (12.12)
or
s dt‘= omdv. (12.12%
The system of these equationé&s solved in a general form
using the parameters and functions of Prof. N.F. Drozdov..

Solution of the Essential Problem of Interpﬂngallistics for
Recoilless Euns

Preiliminary period (general formulas).
It is assumed that the escape of gases thro#gh&the nozzle occurs
simultaneously with the beginning of the motion of the projec-
tile at the pressure Po: 1

1
, A s N
‘?o=—*“_f—i——; "o=l/l+4‘_:_1’oi zn:'%o‘-

The first period is (x=c—2z)
Y=y - Ry X - xhAT, AR

v-=-—s-£: . (2.1 hy
=

17
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By dividing the equation (12.1l2) by the expression (12.11), we

obtain: di ¢mo dv’ ___ Buxdx _
1, L - Omv2 ’ BB . .
ot 0= =D =[5 -0 .
____ B xdx
- B k— D' b
Pl BV 4
X B‘. x. Bl

The sqqytion to this differential eguation at Z,y7.-.2,/ = Z_,
. | 74-' <
where f“ = %49 results in the form

a .
i b
In{t +—j=——InZ;

or ( Ic) Bl

1= (Z;%% —1), (12.15)
where  _ e xdx _ is the integral of Prof. N.F.

* S xz_"’;D' x_.-‘l’BS?— Drozdov, in which the escape of

1 {

gases through the nozzle.is
talqﬁle/into account by subtracting
D' from the usual variable 4‘, .

As is evident szi(y,/’); for the given case taking into account
the escape of gases through the nozzle the expression for fand,a

will differ-from analogous valx.lis given in chapter VII:
__ B 4 —_—_ B
=w—oy A PGy

i, e.,Xand p at a given z have other values in comparlson w:Lth the
Hng

variables y and £ for conventional 2 under the sameAconditlons

since the measure of gas loss D' is subtracted ]

from k, o ' i

Gas pressure is calculated from the basic equation !

By
b-pa—y e

_fe - (12. 16)
P= Lyqt-1

In this case also the value D'x is subtracted from 1}* which makes
this formuls different from the basic one.

¢
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The value ¥, is found using the formula, which is anslogous

to the basic one: 2 o D
TR a8 LB’
: -na

By using Z. and the formulas (12.13)-(12.16), #m>'%>4nand Poay
are calculated, Using the value of Xx=i-2, and the same formulas
the elements for the first end of the period can be found (P =4):
Vg 3¢k )Px -+ These values are also the jnitial ones for the second
period.

popc//tn?.‘

The second period is the adiabatic expansion of - gases
concurrent with the escape of gases through the nozzle. Thisg
period is characterized by the fatt that all the powder has
burned(#::d.) but the esnape of gases continues simultaneqﬁghy
with the movement of a fraction of gases after the projectile:
the relative fraction of gases escaping at a given moment 7= Y/w
continues to increase and '77?)K; the velocity of the projectile also
continues to increase: v Jvp.

For the solution we have a system of two equations:
psdi=-emuvav, . (12.12)
s (Uit 1)=fo (1 == D' %)~ "*”“’ , (12. 11)

Since the loss of gases through the nozzle
%3 ._(Ko

D= (1 0y = (148) — T ,x
. mome»ﬁu
is proportlonal to the - : of the pressure I-Io, counted from
the beginning of the motion of theéprojectile, and the velocity of

the projectile v is also proporitonal to the value I—IO=

%o
regardless of whether the powder burned, then the value of v is
proportional to x in the second period also. Therefore,

the system of equations (12.12) and (12.11) for the second period
can be solved using the method for the first period; only =
slightly different expression for the integral of the trajectory
is obtained. By dividing the equation (12.12) by (12.11), we

obtain: ldl = v dv o =B :lxm ’
wt ﬂb—ou;;ﬁ] 1—-D'x——7— &

{7
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since
v B0
—;,—-=~—x’.
wpr 2
In this case& 28%and 2 .2
2 8 o'
_.fl_.__.___z'_ Xex
T o} L . De. 3
. ﬂ e X e i
+ Bl * BI

Designating%?;rv?and§5=3’and multiplying the numerator and
denominator on the right hand side by 8} , we obtain
, . ‘I’

a2 b 2 .
W T e T dng

By integrating the preceding equation, we obtain
fog TL ( z )-'3‘

’Inw+lk-_zT<

where ; -
' pdp S’ Bap
= R A L.
z 6\r+a—1 =) e

Finally we have an association between € ana 2(or v) in the form of

. 2
]
l—_—(l,,,“+tk)(—z:) Yy, (12.17)

The formula obtain:d is of the same type as the formulas for
the first period but the function Z diffepés from the integral of
Prof. N.¥. Drozdov Zy in that the input values;’and}3differ from

the integral Zx and in addition, in the integrand expression in
sign

the numerator the valuefhas a {+" and not a "-" . This
integral can be calculated by the same method as the integral
Z2_.
x
After snalogous transformations, we obtain
B o=t [2d
. __& [ _L_ []

z._( a—.t) (‘+o+1) )
where eni

= = ]

b V1+4“ R 1 D:’ 20’ .

Q0




; Pressure in the sceamdl period /13 caleculetedd by Fhe Formuta

‘Bo
|—D'x— A

p__;_f‘:_____,_._.__—-——,

1 (12.18 -
L l|n+l

L v
where X=X oo
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The t7pical curve for gas pressure p, 1 in the bore of a
recoilless ,3“" 18 peaked; the powder burns rapidly atf}ow
value and in the seauw period the curve of adiabatic expangion
with loss falls rapidly; muzzle pressure is insignificant (Fig.
12.7).

b4
|
by
1 'd 1] Db
4
s oy :
3 |
" 1
b |
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Fig. 12.7. Curves p, 1 and v, 1 for recoilless weapon :

Mo rtar
12.% Features of Interior Ballistics for T

Mortar
Features of Firing from a

-
In comparison with f%{ing from a conventional artié}lery
.. mortar
weapons, firing from hus several features.

c
l. The first charagteristic is the design and the placement

of the charge. A diagram for the design of mertar, is
presented below (Fig. 12.8).
primary meorlar

The " . charge of the . is placed
in a cardboard cartiridge (varrel sieeve), placed in the tube of
the stabilizer 1 (tsil end of the '*): The tube has & or 6
lventsfcircular]2, through which the © ¢ et ases I¢ med within the
barrel sleeve after piercing of the cardboargpisgyld v .cape
into the space behind the mine and ignite the charge &J.

'PfD'C"‘" b
During ignition the =~ . isllowered in the bore expelling the
air through the gap 3. The capsule of the cartridge witn dJhe
primary charge hits the fuse 4 fastened to the bottom of the

I
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mortmﬂ

bore; thecapsule and the powder chabge are ignited;

at this time the powder burns initialy in the closed space of
the cartqﬂ;ée ~at fairly high density: of ignition 4,20.50-0.60.
At a certain méoment the gas pressure prerees the wall of the
cardboard sleeve and the gases escape through the vents 2

ig thqﬁtube of the stabilizer into the space of the chaﬁ?r wo
re ,g_._).
space).

Under such conditions of very rapid burning of the very fine,
small powder the greatest pressure of gases within the tube
of tue stabilizer, as experiments showed, depends to a signi-
ficant extent on the size of the vents in the tube, the thickness
of the barrel sleeve wall, snd on the temperature of the charge.
As a result of slight difference in pressure at which the
sleeve walls are penetrated, the values of the greavest pressure
within the tube of the stabilizer can be widely scattered.

e il

Fig. 12.8. Diagram of the design of morlar

-

Consequently, the value of the composition, weight of thelcapsule

igniter, andifhe rapidity of powder burning are more signgicant
r r hs

in the - mors than in ”

momentum

the greater the igniting
is, the more uniform is the ignition of the powder.

\
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2. The following fe&turéﬁs the fact that tre gases of the
primary charge4),, burning initially within the chamber of the
stabilizer at 8=0.50-0.60, escape into the Projechit ”.':‘ expand rapidly,
and cool. Since the surface of the fin stabilizers 5 and the
bottom part of the mortar shell is large and the density of ttre
iiﬂggtfgf’%be primary charge with respect to the
entire volume of the chamber Wo (4= 0.61) is smell; there is a
great loss for heat transfer to the walls of the bore and cen =

qu¢qw; This loes is even Jreater as a recult of the slow move-
ment of the'zgégifand vhe long intermediate time during which the
gases are in contact with the walls of the mortar.

L.o3+t'.“
If theére anve charges « ,then the powder within
them '° ignited‘%y the gases of the primary charge and the move-
0 jeth
ment of the Frode proceeds under the effect of the total pressure {

of gases of the primary and booster charges.

5. The third fcature 6f firing from mortar is the bursting
through of the gases through the gap between the ?""e“‘.band the
bore. Because of this gap % between the.rwﬂyhband the bore walls,
a frection of the gases will burst through this gap at the begin-
ning of q“:g;ement and subsequently their energy

is not used.

valse . valve L
In mortars with open remote A significant amount of

' alv®
gases also escaped through the vers The loss of gases through
the gap and the vaive

_ are included in the foundations of senersl
relations in gas dynamics.

As high-speed photogrephy shows, a signficant fraction of
tbg‘ﬁfses escape from the barrel boreof the mortar before the
Prose appears from the bore, accompanied by the release of
most of the gases. This fraction of the gases which burststhrough
the gap and is
speed forthe shell, composesfrom 10-15% of the entir» quantity,
while in conventional )

the gap between the driving bsnd snd the perforations is insignificant.

not responsible for creating n

the fractior of gases escaping from

2Y
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4, The fourth feature is that the pressure of the is
almost equal to zero. dJust so in a smooth bore, there is no loss
of energy for overcoming the friction and the rotstion of the shell.

Thus, the solution of the problem of interior ballistics,
on the one hand, is simplified by the fact that the pressure of
the gcd’in and some of the secondary work is tasker as equal to
zero, and on the han. other, it is complicated as a consequence

of the necessity to include the large loss for hest transfer and
loss of gases through the gap.

While in firing a conventional mortar with support in an
end plate recoil is essentially nonexistant snd the relative
weight of the charge%% 2s very small (0.01-0.02 during full charge),

then in practice the coefficient ¢4 =1 can be used.

To maintain unity of procedure and designstion of parameters
and functions further presentations on the sﬁﬁ&ion of basic prob-
lems of interior ballistics for mortar are given Aufing the desig-
nations of Prof. P.F. Drozdov for conventional artillery weapons.

Analytical Selutions of Basic Problems of Smoothbore Mortars
(8implified Method of Prof. M.L. Serebryakov)

The following assumptions are made as the basis for the

analytical solution.
ejechinm
l. The pressure of the is absent.
circular gap between the shell snd the bore; its area is ﬁpﬁ

2., 'he burning of the primary chsrge within the tube of

A nortar has a

the stvcbilizer is not cousidered.

Gases of the primazchhurge escaping from the tube of the
o ;
stabilizer into ﬁhe.P:w. space, c¢reates the pressure Po» at
which the powder of the booster charge iﬁgﬁtes. In this way tae
o5
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the primary charge is the igniter of the booster charge.

3. The ignition of the booster charge is instantanecus snd
simulteneous for sll grsins and at all:points on the surface of

each grain.

4, The burning of the grains of the booster charge proceeds
in perallel layers according the geometric lsw of burning and
is expressed by existing formulas:
=nz 4 wh2d
==1+2u.
5. The rate of the burning of the powder is proportional to

the pressure (to the power of one): U = cle u, p
=cke - uw, p,
oA

where 4,15 the rate of burning at p=l.
-Ppﬂifb"ll‘f

6. The motion of the be&ins at pressure 1) concurrently

with the initiation of burning of the booster ghsrges (at P=Dgs
¥ =0; 1=0; v=0).

7. The escape of gases through the gap begins with the ini-
tiation of burning of the booster charges and with the movement
of the : ' Pr.}cu‘-'(c-

4,

momeni“'ﬂ e,

8. The total of the rise in pressurea.f?‘” i

does not depend on the density of the charge Aand on the value of
the initial pressure Pg &t which the powder ignites.

9. the loss of gases through the gap according fo general
ms um
formulas of vas dyusmics is proportional to the Tomes of the

increase in pressure:

where*7is the fraction of gases escaping through the gap;

2ek 1 |

A is the loss factor: L
a1
) b/,k+177’

S e e
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!
§ <loss coefficient characterizing the form of the vent or

gap; for a round vent z =0.95; for a crescent shaped

slot f% 0.66;
$g4p =aTOE of the cross section of the gap.

10. Heat transfer @ was considered in experiments using a

Ins 4[/&#0'» .
special ~ in which the primary charge burns under the same

conditions as in mortar.

By determining the greatest gas pressure of the primary

/nstadlation .
charge Prax0 using tkis experimental 'y wa find the force

of the powder fo of the primary chargg)taking into aceount the
cooling of the gases due to their escape from the tube of the
stabilizer into the shell volume and duc to the heating of the

bore wullse and the fins of the stabilizer:
1
Jo=Puuxo (-A—o —'40) '

whered,cdensity ¢f the charge of the primary charge with respect
P cedile 3 pace
to the entire Wy (chamber).

The value of fo is much less than the force f of the booster
charges from ppwder of the ssme nature, which is determined by
experiments in a conventional manometric bomb.

Additional neat transfer during the movement of the shell
is negligible (since the bore walls and shell are heated by
gases escaping through the circular gap and oudgistancing the form
shell) or is calculsted indirectly. Since the gases do not
work to rotate the shell, to overcome friction against the grooves,
and for the recoil, andﬁ%Lul%, then the coefficient for calcula-
ting secondary work may be assumed equal to one.

During firing from the mortar the rollowing periods may

be delineated:

1) burning of the primary charge up to the piercing of the
7
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opening into the sleeve and the escape of gases into the chamber;
this phase with the given assumptions is analogous to the preli-
minary period;

h
2) t;e first period corresponds to the burning of the booster
charges concurrent with the escape of a fraction of the gases
through the gap (1 varies from O to lb);

2) the second period is the expansion of gases formed in the
first period concurrent with the escape their through the gap

BSHP '

iedﬂl
The movement ff the and the escape of gases through
the gap (on the balis of the given assumptions) begins with the

preesure Pg, created by the gaeses of the primsry charge; Po

can be calculated in the experimental s Vatia e
[~ B fd9
VO - i:—'_ a“o l — %‘ —'10A°-

where A= &
Ny

If &6 designates the cross section of the mortar bore:

$= I, 42
. g / P‘O)‘co"é
and 8' designates the area of the cross section of the .
at its central largest diameter; 8'{ 8, then the area of the

gap between the Pt  and the bore walls is s___ws-g',

gap
projechl
The velocity of the + i determined by the motion equa-
tion om du=s'p dt,
¢
v om (Spd gm m
where
o
Iy ey
(To_solve the problemy 'The follfping system of

equations can be u.mon
1. The bssic equation for pyrodynamics taking into account

4

e

—




the escape of a fraction of the gases through the gap and loss

for heat transfer _
sp(ly +4)==Sowo+ fub— f’Y—%- gmut,

¢ where

’
v

{ ® l
=L [ Wy— (1= —a (= V) 5o

d ijncludes the loss of gases through the gap g=8"'.

! The value f' is the force of the gas mixture of the primary

i and booster charges; essentially, it yaries with burning time of
: the booster charges from f, to fentle < f, with the interme-

diate value f'=*ﬂ%£tﬂﬂL.
o~ w

Since the hest transfer to the walls during the first period

) ig not yet directly accounted for, it can be indirectly included
: by teking the value f of the booster charges as greater than £'.
! In thiq case the basic equation is rewritten as follows:

L U+ =Fn+f@p=—Temt  (12.19)
2

ovement of the u ES P.—.;e&-"‘ﬂ ]
(12.20)

eometric) for small

3 f 2., The equation for the m
L slpd@s @mvdV
b %, The law for the purning of powder (g

¢ flake powder 18 . o, 421 2t
Projcd-i((

= : 4, The formula for the velocity of the ' ~is

o
«@‘ 1 v = 5,1-‘ z.
Lo g»
A 5. The relative loss of gases is
Y M“—z.:v, | (12.21)

11::——-=
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ap

where ¥
L As A=UM£_i.

=
!/ . w ' w uy
¥’ L ucoefficient ‘for the shape of the vents;
f the burning of the

?K =Telative loes of gases at the end ©

powder.

Let us introduce the designation:

1)




I T TT e,

FANEIS S e

TR RS RS YT

EEaiatta

R

B () (e

X, = Jhcb =relative energy of the primary charge.
-ho
By substituting in equation (12.19) the variables 4,¥ and 4
(or 7) by their expression through 2, we obtain a basic equation
of interior ballistics in the following form:
sp(lq',+l)=fw[xo+xz+xlzz—nx.,— 523 z’];—_

ufm[xo+(u_nk)z ;(E;"-—ux)zﬂ] . (12.29)
From equation (12.20) we have
'2
s’pdl- f‘zaz (12.20)
By dividing (12.20') term by term by (12.22), we obtain
s’ dl zdz B zdz B
$ 4 _p__ 2tz B ——2 4nz
s g+t 1o+k2 — B3 B . My B'dan
\ “ B T8
h=x—ny Bi=20_a; A28
where ki=x—1,; B 5 % A= R

2 is the known function of Prof. N.F. Drozdov. Thus, we ob-

tain dat 2dz .
—IE_—I—-——-A,W—-—ASdlﬂZ. ' (12.23)
The equation (12.23) can be solved exactly by the method

of Prof. N.¥. Drozdov by reducing it to a linear differential
equation of the first order, but taking into account that the
density of the charge in theT"'e is small (4 0.15) and that
consequently, 1y veries little, one can assume an averasge value
for-f$ =-4§gv .After integration a simpéle expression for the
shell projectile is obtﬁ}Fed in the form

AP )
from whizh follows I"‘gq; I"".';
I=1, (Z7%—1). (12.24)
lg Z"1 is calculated accordiﬁé the to the table of N.F. Drozdov
(cf. page 417) with the initial values Biy 3 8
TR ky
30
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Consequently, the solut_i_on to the problem for the first
pruriod for the mortar differﬁs from the solution for artillery
weapons only in that at z there is the coefficient 4,z % -7,
in place of l,axa:,, the value.,;‘;%.‘::. in place of ¢, , and the value

Bz e/%ﬁ)" in place of B. These features of firing from
™ values By B’
mortar express thepselves in the = Aand p——;,‘—z. which

1 i

in turn increases the value 2™ and the path £ and decreares the value
of the pressure p in comparison with the pressure during the ab-
sence of gas escape through the <ap.

The pressure p is calculated using the forumla obtained from

equation (12.19): S gmd : :
L BTNV T _fe ok ke =Bt gy o)
P= ly+1 s Lt

To de%ermine 2, , corresponding_to the greatest gas pressure
Prax® We differentiste this expresséion with respect to z and
using the equation (12.23), after a series of transformations

we obtain | 4. Sy
‘ o e )
B ol e DAL i
RS ST
e D
1+if"ﬁ!~'

! S
where-37=“ s

AtyK-O and s=8', this formula becomes the general formula
for z,.

If 2,1, we have a real maximum pressure; if2 >, the maxi-.
mum is unreal, and in this case,the greatest actual pressure
will occur at the end of burni : ; 8

PE Pr s Cfro—n—t
* {1y '
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ank

where  L=l[t—aa{l=n)l A.-T;;(l-m)ﬂ(l—mL

The reqﬁhining factors st the end of the first

period will be .o‘-i"—*; z‘-_-gz;*(z:h_l),
av

where g — f},
.

For solving the problem of the second period, when‘yal,
there is the folloying system_of equations: .
sp(li+D=fwot fo(l =m2)— F-ome?, . (12.26) -
s'pdl=emvdv, (12,20)
where ‘

!
’

t
¥4 :——L-:.-' £
Iy

s,
| sl‘pdt °f

in this case z'is greater than one.
7, *'
The value [ is also accounted for in the second period of
gas emission from the gap. As in the first period, the total
loss is proportional to the momentum of the gas pressure, which

in turn, is proportional to the velocity of the

Equation (12.26) can be rewritten as:

sp (1) =fw[x,,+l-~—- v~ l’u], (12.26')
Uy Uar
h r P A /
where 7).(:%!5‘; 3] :_‘9._,.'3"
. w om
, vg _ qu) ;
@“r P 4l ,
_ e Hm Syep
i o U AS el _ym =04 L. . L .
U‘ w0 ‘5’1)( g w S‘ e
Dividing (12 20) by (12.26'), we obtain:
5 gm _ __s___,._ vdv
IETEE 1—!-‘1,0—’1.&“ :22 S0y u—(l+x°)°‘n0f
or weer '
al s 2 vdy ;
: L4+l 8 b vdnu—yy (12.27)
. ,r
where ﬂg=ﬂ.:vﬁ,=25'AL 3* e T 'GK ;f-’
ra b s - 3
0‘2
"
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Al ,
I 9 .2
| -41+xovn=4l+xo L2~y
; # By integrating (12.27) we obtain
K ! '
S . -———_--——— vdv
l s‘ it 5‘0’+ﬂ20—-"la (12.28)
H
B {
Sy a__ o 41
r(J e ll'+l Il"i'lx * (12'29,

? ! The integral of the right side is found by expanding the
¥ integrand function to a partial frasction by the method proposed

oy by Prof. N.F. Drozdov.

Solve for the roots of the equation “yinu—mny=t(0)=

) 0:
el '

o = 1T )l==2

P v 2(1i]/ 14t ) L (1 ),
af

P where . e _?é :
. l ? [ ]
bt ”"‘o CA; b—]/1+4~f.3~=1/.1+4~;: .

2

(%) Vigpe 1 '
v = L +/;<.) e m____s:;;

i ' (Uﬂ‘) 3’1]“

: ,r
=) (__)_ (L4 B8,

UM "fw N 2 '
pe

I L e a

"szc As*l,‘ :

' (")

Yg— T, =1,0 v = 4) Az H

3 b= % ¢ (v) v~ +U—03
b4-1 b—1
A = e——— o= N
. 1=y A=

v 'U v
vdy _ b4-1 dv _}_b-—l g’ dv
g’ (1)) 2 3 v—uy 20 Juv—ug

K # K3

ot =t g
T:m(v-—v,>1 (v—-vg)za_:ln_;.i. (12.30)
k= -y s




t
By substituliag the expressions (12.29) and (12.30) into

(12.28), we obtain o s 8 - bl
(ﬁ+1)‘ ? (G+JKY 2 (v—w.yﬁ(v—wafﬁ Z,
D oex ) Nl Teg

or we finally have PRAT o—v; 0 — o
e ==

. g s 2 -
DT
[=1 (1+-’*T) Zo —1}. (12.31)
[ Z‘.,F

Using this equation, given the values v >Y, W€ first

value of the 1eft hand side and then the corresponding
trajectory of the proje 1y by congtructing a
lue v, corresponding ti@'the value by

4 as a check control we once

find the
value of the

graph, we¢ find the va

interpolating or graphically, an

again at the value V= Vp.

8 calculated by the formula .
iy v 4
(1-\—10——-—0——;-:“)

fo N\ € (12,32)

| _fe
P=5 Ty
The calculation of pallistice elements for an

Pressure i

‘ Example.
82 mm mortar

Input Data
s=10,5277; g“=0ﬂmm f:lmouﬁ

R, o e AP T
R e

Wy=0720:  Ly=10:20,
= 1363; 0,=0,0072; #_0,0366; =085

i
?: g=23/4
| Fom679.10% Ap=T48; k= —0255; [, =55 At} =0,004.
6—0,15, ¢, =6,16; A=0,006; &, = 0,666
% = 1,205; A=0,0608; e=1;
5=1,64;
its value

the shape of the vents;

f'is the coefficient for
iments in a gpecial device.

d
0.665 is frow data from exper

Computation of Sonstants

=0,1192;  m=0,049237 B’ =0,5923;
B 1979  1=00245; 8 ==0,2483.

B = . B
=029
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; %
g; Computational Results
i+ Blements of firing: a4 0.700 dm; P, =48 kg/cm®,
R& =pmax=398 kg/cma; ¥y =205.5 m/cec.
é These results are similar to evperimental data pmax-580 to
| be
{ With the same constants and #=0.20, *Ppax=>92; =201.0.
; )
é . At 5 =0.18 a better correlation between
é : calculated and experimental results would have been obtained.
é ; L' vn/;xcprz/m‘n
%‘ _i{ 00 ¢ 4 , b*myn-%h‘
1 ::"‘ 6 Omemne®
)5 3 i [ ——]
G , Rl 3 - e—
\ J00 Y 300 =9 2 A
I { ! "
200} 2 —t
" o-——-—T'?
7 1\
100\ 100 = 2 e
i ALY : ~lll !
K-\\-*
R —
i b l/ § ' 7t
| Fig. 12.9. Curves p, 1 and v, 1 calculated for a mortar with
different charges
| The results presented indicate that the analytical formulas
derived above ehable with good accuracy the calculation of bal-
listic elements of firing from mortar (FQ,PM¢,)1¥’szbiihn;Po)%)
and the construction of curves for the pressure of propellant
gases and the velocity of the shell as a function of its trajec-
tory.
5
" i ol it i, vt ,ul‘g ISR e O IR L“—.ﬂ
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1f there is only a primary charge 4J,end no booster charges w,
the problem is solved as in cases of instant burning of the charge
taking into sccount heat transfer due tc the decrease in the force
of the powder f to fo, determined by using a special installation

or by theoretical computations.

Fig. 12.9 presents curves p, 1 and v, 1 calculated for a
mortar with different charges. With the decrease in the charge,

the cessation of burnify’ of the powder is shifted to the A
and p and Vo decrease. Cmuzzle facéa

nasx

Concepts on Ballistic Design of Mortars

Ishe
The purpose of the ball“' design of mortar is the calcu-

lation of the dimensions of the barrel Efre and the conditions

to fire . proa €k
of ignition mecessary - a A0f a given caliber and weight

at a specific speed in the muzzle face. It is necessary to find
the volume of the chamber Wo» the length of the trajectory
in the borel » welight of the charge 4, the thickness of powder
291, and the value of the maximum pressure p ax® In addition,
additional conditions can be created, for ir = the value of

the pressure Prax and others.

The problem of mortar desing, as is the case for grooved

bores, is indefinite and allqu’many solutions.

Prof. G.V. Oppokov recommendﬁ#he following procedure for
the ballistic design of mortars.

Initially, the values of Ppax and A are calculated based on

the values of the power factor qus
C.= e
')gda Og

Pun=30Cs; 4=0,0045C, st A =0,00018p,,, ;p’/cg’,

whereG is given in m.m/dm3_
*G.V. Oppokov. Ballistika gladkostvol'nykh sjstem ZBallistics
of Smoothbare Systems/ Izd. Artakademii im. Dzerzhinskogo, 1943
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The ballistic caloulations . for the bore are derived
for the greatest charge. The value 7, for full charges is small,
since the pressure curve for s full charge is peaked and the bur-
ning ends near pmax;qaz l.¥or a 120 mm mortar’,=132 t-m/kg, for a

107 mm 130 t-m/kg, and for a 82 mm 166 tem/kg.

In most cases in mortar design the volume ot the chamber

wo has an already previously assigned volume, since it is deter-
re e
mined by the dimensions and shape of tre tail end of the P
duringits lowering to the bottom, when the capsule touches the
Firkas  pir

After collection of data on existing shapes and their anslysis

further calculations are made in the following sequence:

DE ——T-Z—. 3) pmquOC‘. ﬁICMQ;
2) C. “73“‘7“2;' 4) A=0,0045C, J/0K%;
N Koo,
Then %) Wy / e
6) w-AW 9 vye)/ 2;0 L
2t E *
7 ‘m:‘-:-!=——2~' 9 == fA
) 1 =9 ﬁ# —

Subsequently, being given the value B”,/er one uses spec.ial
tables = and finds the values &, Ay = f’) Ny > __”’_;:%_.) 7) = /;‘:\;x
and other ballistic elements. Having obtained in the results of
the calculations of the first variant at several values of Pnax
andlLspecific values £y and other characteristics, one must in
additional calculations use 2-% more values of A, near A of

the first variant, and again calculate all characteristics of

“Pressure a,=‘fﬂy is analogous to pressure p = 14 )

el /]-ad
but with respect to the initial free space hhs[l-d/}) and not
to the volume at the end of burning tVo[l--md)'

**G.V. Oppokov. Ballistika gladkostvol'nykh sistem /Ballistics
of smoothbore Systems/, Izd. Artakademii im. Dzerzhinskogo, 1943%
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of the mortar and the conditionsg;.ignition; after comparing
the obtained data one should find that density of charge at which
the entire traaectorv . .will be the shortest (w1thout an great
decrease in the coefficientxu) Afﬁer this, Piax is converted into

+ 30-50 kg, cmE; the’ characxerletics ¢t ‘another series of varyﬂg%s
are calculated and tus Larﬂaub g*Ven value for pmax is determined.
The curves p, 1 ahd v, 1 are calculeted for the final varlant
selected. The thlcknnse of the powder 2e, is determined only

foxr the rinaL variant selected° | .

i}

2 = “J V Biagm wq.m

el 5 i i N
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